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(57) ABSTRACT 


An ultrasonic surgical blade with improved cutting and 
coagulation features is disclosed. The blade includes a solid 
body, a longitudinal portion having a proximal end config- 
ured to couple to an ultrasonic transmission waveguide and 
a transverse portion extending crosswise from the distal end 
of the longitudinal portion. At least one dissection edge and 
at least one hemostasis surface is provided on the blade. The 
transverse portion defines a hook having a free end config- 
ured to pull and dissect tissue. Also disclosed is an ultrasonic 
surgical blade that also includes a sharp central ridge and an 
end mass for acoustic balance. 
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Becker et al. 
Beaupre et al. 
McBrayer et al. 
Lucey et al. 
Madhani et al. 
Shipp 

Klieman et al. 
Bays 

Schulze et al. 
Castro et al. 
Swanson 
Wales 
Rosenberg et al. 


Williamson, IV et al. 


Boukhny 
Yates et al. 
DiMatteo et al. 
DeSantis et al. 
Jensen 


Williamson, IV et al. 


Klieman et al. 
Edwards 
Klieman et al. 
Sugishita 
Whitfield et al. 


5,836,897 
5,836,909 
5,836,943 
5,836,957 
5,836,990 
5,843,109 
5,851,212 
5,853,412 
5,858,018 
5,865,361 
5,873,873 
5,873,882 
5,876,401 
5,878,193 
5,879,364 
5,880,668 
5,883,615 
5,891,142 
5,893,835 
5,897,523 
5,897,569 
5,903,607 
5,904,681 
5,906,625 
5,906,627 
5,906,628 
5,910,129 
5,911,699 
5,916,229 
5,921,956 
5,929,846 
5,935,143 
5,935,144 
5,938,633 
5,944,718 
5,944,737 
5,947,984 
5,954,736 
5,954,746 
5,957,882 
5,957,943 
5,968,007 
5,968,060 
5,974,342 
416,089 
5,980,510 
5,980,546 
5,984,938 
5,989,274 
5,989,275 
5,993,465 
5,993,972 
5,994,855 
6,003,517 
6,013,052 
6,024,741 
6,024,744 
6,024,750 
6,027,515 
6,031,526 
6,033,375 
6,033,399 
6,036,667 
6,036,707 
6,039,734 
6,048,224 
6,050,943 
6,050,996 
6,051,010 
6,056,735 
6,063,098 
6,066,132 
6,066,151 
6,068,627 
6,068,629 
6,068,647 
6,074,389 
6,077,285 
6,083,191 


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>О>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 


11/1998 
11/1998 
11/1998 
11/1998 
11/1998 
12/1998 
12/1998 
12/1998 
1/1999 
2/1999 
2/1999 
2/1999 
3/1999 
3/1999 
3/1999 
3/1999 
3/1999 
4/1999 
4/1999 
4/1999 
4/1999 
5/1999 
5/1999 
5/1999 
5/1999 
5/1999 
6/1999 
6/1999 
6/1999 
7/1999 
7/1999 
8/1999 
8/1999 
8/1999 
8/1999 
8/1999 
9/1999 
9/1999 
9/1999 
9/1999 
9/1999 
10/1999 
10/1999 
10/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
11/1999 
12/1999 
1/2000 
2/2000 
2/2000 
2/2000 
2/2000 
2/2000 
3/2000 
3/2000 
3/2000 
3/2000 
3/2000 
4/2000 
4/2000 
4/2000 
4/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
5/2000 
6/2000 
6/2000 
7/2000 


Sakurai et al. 
Cosmescu 
Miller, III 
Schulz et al. 
Li 

Mehta et al. 
Zirps et al. 
Mayenberger 
Shipp et al. 
Milliman et al. 
Smith et al. 
Straub et al. 
Schulze et al. 
Wang et al. 
Bromfield et al. 
Hall 

Fago et al. 
Eggers et al. 
Witt et al. 
Wright et al. 
Kellogg et al. 
Tailliet 

West, Jr. 

Bito et al. 
Spaulding 
Miyawaki et al. 
Koblish et al. 
Anis et al. 
Evans 
Grinberg et al. 
Rosenberg et al. 
Hood 
Estabrook 
Beaupre 
Austin et al. 
Tsonton et al. 
Whipple 
Bishop et al. 
Holthaus et al. 
Nita et al. 
Vaitekunas 
Simon et al. 
Kellogg 
Petrofsky 
Barton et al. 
Tsonton et al. 
Hood 

Yoon 

Davison et al. 
Estabrook et al. 
Shipp et al. 
Reich et al. 
Lundell et al. 
Sheffield et al. 
Durman et al. 
Williamson, IV et al. 
Kese et al. 
Mastri et al. 
Cimino 

Shipp 
Brumbach 
Gines 

Manna et al. 
Spaulding 
Goble 

Kay 

Slayton et al. 
Schmaltz et al. 
DiMatteo et al. 
Okada et al. 
Houser et al. 
Chen et al. 
Miyawaki et al. 
Orszulak et al. 
Haissaguerre et al. 
Witt et al. 
Levine et al. 
Boukhny 

Rose 
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6,086,584 
6,090,120 
6,091,995 
6,096,033 
6,099,483 
6,099,542 
6,099,550 
6,109,500 
6,110,127 
6,113,594 
6,117,152 

H1904 
6,126,629 
6,129,735 
6,129,740 
6,132,368 
6,132,427 
6,132,448 
6,139,320 
6,139,561 
6,142,615 
6,142,994 
6,144,402 
6,147,560 
6,152,902 
6,152,923 
6,154,198 
6,156,029 
6,159,160 
6,159,175 
6,162,194 
6,162,208 
6,165,150 
6,174,309 
6,174,310 
6,176,857 
6,179,853 
6,183,426 
6,190,386 
6,193,709 
6,204,592 
6,205,855 
6,206,844 
6,206,876 
6,210,337 
6,210,402 
6,210,403 
6,214,023 
6,228,080 
6,231,565 
6,233,476 
6,238,366 
6,245,065 
6,251,110 
6,252,110 
D444,365 
D445,092 
D445,764 
6,254,623 
6,257,241 
6,258,034 
6,259,230 
6,267,761 
6,270,831 
6,273,852 
6,274,963 
6,277,115 
6,277,117 
6,278,218 
6,280,407 
6,283,981 
6,287,344 
6,290,575 
6,292,700 
6,299,591 
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7/2000 
7/2000 
7/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
8/2000 
9/2000 
9/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
10/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
11/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
12/2000 
1/2001 
1/2001 
1/2001 
1/2001 
2/2001 
2/2001 
2/2001 
3/2001 
3/2001 
3/2001 
3/2001 
4/2001 
4/2001 
4/2001 
4/2001 
5/2001 
5/2001 
5/2001 
5/2001 
6/2001 
6/2001 
6/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
7/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
8/2001 
9/2001 
9/2001 
9/2001 
9/2001 
10/2001 


Miller 
Wright et al. 
Ingle et al. 
Tu et al. 
Palmer et al. 
Cohn et al. 
Yoon 

Alli et al. 
Suzuki 
Savage 
Huitema 
Yates et al. 
Perkins 
Okada et al. 
Michelson 
Cooper 
Jones et al. 
Perez et al. 
Hahn 
Shibata et al. 
Qiu et al. 
Swanson et al. 


Norsworthy et al. 


Erhage et al. 
Christian et al. 
Ryan 
Rosenberg 
Mueller 

Hsei et al. 
Strukel et al. 
Shipp 

Hipps 

Banko 


Wrublewski et al. 


Kirwan, Jr. 
Ashley 

Sachse et al. 
Akisada et al. 
Rydell 
Miyawaki et al. 
Hur 

Pfeiffer 
Reichel et al. 
Levine et al. 
Dunham et al. 
Olsen et al. 
Klicek 
Whipple et al. 
Gines 

Tovey et al. 
Strommer et al. 
Savage et al. 
Panescu et al. 
Wampler 
Uemura et al. 
Bass et al. 

Lee 

Lee 

Haibel, Jr. et al. 
Wampler 
Hanafy 

Chou 

Ryan 

Kumar et al. 
Lehe et al. 
Estabrook et al. 
Saadat 
Tetzlaff et al. 
Madan et al. 
Manna et al. 
Beaupre 
Wampler et al. 
Shipp 
Morrison et al. 
Banko 


6,306,131 
6,306,157 
6,309,400 
6,311,783 
6,319,221 
6,325,795 
6,325,799 
6,325,811 
6,328,751 
6,332,891 
6,338,657 
6,340,352 
6,340,878 
6,350,269 
6,352,532 
6,358,264 
6,364,888 
6,379,320 
457,958 
6,383,194 
6,384,690 
6,387,109 
6,388,657 
6,391,026 
6,391,042 
6,398,779 
6,402,743 
6,402,748 
6,405,733 
6,409,722 

Н2037 
6,416,486 
6,419,675 
6,423,073 
6,423,082 
6,425,906 
6,428,538 
6,428,539 
6,430,446 
6,432,118 
6,436,114 
6,436,115 
6,440,062 
6,443,968 
6,443,969 
6,449,006 
6,454,781 
6,454,782 
6,458,128 
6,458,142 
6,464,689 
6,464,702 
6,475,215 
6,480,796 
6,485,490 
6,491,690 
6,491,701 
6,491,708 
6,497,715 
6,500,112 
6,500,176 
6,500,188 
6,500,312 
6,503,248 
6,506,208 
6,511,478 
6,511,480 
6,511,493 
6,514,252 
6,514,267 
6,517,565 
6,524,251 
6,524,316 
6,527,736 
6,531,846 
6,533,784 
6,537,272 
6,537,291 
6,543,452 


10/2001 
10/2001 
10/2001 
11/2001 
11/2001 
12/2001 
12/2001 
12/2001 
12/2001 
12/2001 
1/2002 
1/2002 
1/2002 
2/2002 
3/2002 
3/2002 
4/2002 
4/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
5/2002 
6/2002 
6/2002 
6/2002 
6/2002 
6/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
7/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
8/2002 
9/2002 
9/2002 
9/2002 
9/2002 
9/2002 
10/2002 
10/2002 
10/2002 
10/2002 
11/2002 
11/2002 
11/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
12/2002 
1/2003 
1/2003 
1/2003 
1/2003 
1/2003 
2/2003 
2/2003 
2/2003 
2/2003 
2/2003 
3/2003 
3/2003 
3/2003 
3/2003 
3/2003 
4/2003 


Hareyama et al. 
Shchervinsky 
Beaupre 
Harpell 

Savage et al. 
Lindemann et al. 
Goble 
Messerly 
Beaupre 
Himes 

Harper et al. 
Okada et al. 
Oglesbee 
Shipp et al. 
Kramer et al. 
Banko 
Niemeyer et al. 
Lafon et al. 
Dycus et al. 
Pothula 
Wilhelmsson et al. 
Davison et al. 
Natoli 

Hung et al. 
Cimino 

Buysse et al. 
Orszulak et al. 
Schoenman et al. 
Fogarty et al. 
Hoey et al. 
Yates et al. 
Wampler 
Gallo, Sr. 
Bowman 
Houser et al. 
Young et al. 
Blewett et al. 
Baxter et al. 
Knowlton 
Messerly 
Novak et al. 
Beaupre 

Ouchi 
Holthaus et al. 
Novak et al. 
Shipp 

Witt et al. 
Schwemberger 
Schulze 

Faller et al. 
Qin et al. 
Schulze et al. 
Tanrisever 
Wiener 
Wampler et al. 
Goble et al. 
Tierney et al. 
Madan et al. 
Satou 

Khouri 

Truckai et al. 
Harper et al. 
Wedekamp 
Levine 

Hunt et al. 
Burnside et al. 
Tetzlaff et al. 
Moutafis et al. 
Nezhat et al. 
Jewett 
Whitman et al. 
Rabiner et al. 
Nicholson et al. 
Attinger et al. 
Smith 

Truckai et al. 
Christopherson et al. 
Friedman et al. 
Lavigne 
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6,543,456 
6,544,260 
6,551,309 
6,554,829 
6,558,376 
6,561,983 
6,562,035 
6,562,037 
6,565,558 
6,572,563 
6,572,632 
6,572,639 
6,575,969 
6,582,427 
6,582,451 
6,584,360 
D477,408 
6,585,735 
6,588,277 
6,589,200 
6,589,239 
6,599,288 
6,602,252 
6,607,540 
6,610,059 
6,610,060 
6,616,450 
6,619,529 
6,620,161 
6,622,731 
6,623,482 
6,623,500 
6,623,501 
6,626,848 
6,626,926 
6,629,974 
6,633,234 
6,635,057 
6,644,532 
6,651,669 
6,652,513 
6,652,539 
6,652,545 
6,656,132 
6,656,177 
6,656,198 
6,660,017 
6,662,127 
6,663,941 
6,666,860 
6,666,875 
6,669,690 
6,669,710 
6,673,248 
6,676,660 
6,678,621 
6,679,875 
6,679,882 
6,679,899 
6,682,501 
6,682,544 
6,685,701 
6,685,703 
6,689,145 
6,689,146 
6,690,960 
6,695,840 
6,702,821 
6,716,215 
6,719,692 
6,719,765 
6,719,776 
6,722,552 
6,723,091 
D490,059 
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ВІ 
ВІ 
ВІ 
B2 
B2 
B2 
ВІ 
B2 
ВІ 
B2 
B2 
ВІ 
ВІ 
ВІ 
ВІ 
B2 
S 

ВІ 
B2 
ВІ 
В2 
B2 
B2 
ВІ 
Bl 
B2 
B2 
B2 
B2 
B2 
B2 
Bl 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
Bl 
B2 
B2 
B2 
Bl 
B2 
B2 
B2 
B2 
B2 
Bl 
Bl 
Bl 
B2 
B2 
B2 
B2 
B2 
Bl 
B2 
Bl 
B2 
B2 
B2 
B2 
Bl 
B2 


S 


4/2003 
4/2003 
4/2003 
4/2003 
5/2003 
5/2003 
5/2003 
5/2003 
5/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
6/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
7/2003 
8/2003 
8/2003 
8/2003 
8/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
9/2003 
10/2003 
10/2003 
10/2003 
11/2003 
11/2003 
11/2003 
11/2003 
11/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
12/2003 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
1/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
2/2004 
3/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
4/2004 
5/2004 


Freeman 
Markel et al. 
LePivert 
Schulze et al. 
Bishop 

Cronin et al. 
Levin 

Paton et al. 
Lindenmeier et al. 
Ouchi 

Zisterer et al. 
Ingle et al. 
Rittman, III et al. 
Goble et al. 
Marucci et al. 
Francischelli et al. 
Bromley 
Frazier et al. 
Giordano et al. 
Schwemberger et al. 
Khandkar et al. 
Maguire et al. 
Mollenauer 
Shipp 

West, Jr. 
Muller et al. 
Mossle et al. 
Green et al. 
Schulze et al. 
Daniel et al. 
Pendekanti et al. 
Cook et al. 
Heller et al. 
Neuenfeldt 
Friedman et al. 
Penny et al. 
Wiener et al. 
Harano et al. 
Green et al. 
Burnside 
Panescu et al. 
Shipp et al. 
Shipp et al. 
Ouchi 

Truckai et al. 
Tsonton et al. 
Beaupre 
Wiener et al. 
Brown et al. 
Takahashi 
Sakurai et al. 
Okada et al. 
Moutafis et al. 
Chowdhury 
Wampler et al. 
Wiener et al. 
Honda et al. 
Kornerup 
Wiener et al. 
Nelson et al. 
Mastri et al. 
Orszulak et al. 
Pearson et al. 
Lee et al. 
Himes 

Chen et al. 
Schulze 
Bonutti 

David et al. 
Kleffner et al. 
Bonutti 

Baxter et al. 
Fenton, Jr. 
Goble et al. 
Conway et al. 


6,731,047 
6,733,498 
6,733,506 
6,736,813 
6,739,872 
6,740,079 
D491,666 
6,743,245 
6,746,284 
6,746,443 
6,752,815 
6,755,825 
6,761,698 
6,762,535 
6,766,202 
6,770,072 
6,773,409 
6,773,435 
6,773,443 
6,773,444 
6,775,575 
6,778,023 
6,783,524 
6,786,382 
6,786,383 
6,789,939 
6,790,173 
6,790,216 
6,794,027 
6,796,981 
D496,997 
6,800,085 
6,802,843 
6,808,525 
6,809,508 
6,810,281 
6,811,842 
6,814,731 
6,821,273 
6,827,712 
6,828,712 
6,835,082 
6,835,199 
6,840,938 
6,849,073 
6,860,878 
6,860,880 
6,863,676 
6,869,439 
6,875,220 
6,877,647 
6,882,439 
6,887,209 
6,887,252 
6,893,435 
6,899,685 
6,905,497 
6,908,463 
6,908,472 
6,913,579 
6,915,623 
6,923,804 
6,926,712 
6,926,716 
6,926,717 
6,929,602 
6,929,622 
6,929,632 
6,929,644 
6,933,656 
10509,589 
6,942,660 
6,942,677 
6,945,981 
6,946,779 
6,948,503 
6,953,461 
511,145 
6,974,450 


B2 


5/2004 
5/2004 
5/2004 
5/2004 
5/2004 
5/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
6/2004 
7/2004 
7/2004 
7/2004 
8/2004 
8/2004 
8/2004 
8/2004 
8/2004 
8/2004 
8/2004 
8/2004 
9/2004 
9/2004 
9/2004 
9/2004 
9/2004 
9/2004 
9/2004 
10/2004 
10/2004 
10/2004 
10/2004 
10/2004 
10/2004 
11/2004 
11/2004 
11/2004 
12/2004 
12/2004 
12/2004 
12/2004 
1/2005 
2/2005 
3/2005 
3/2005 
3/2005 
3/2005 
4/2005 
4/2005 
4/2005 
5/2005 
5/2005 
5/2005 
5/2005 
6/2005 
6/2005 
6/2005 
7/2005 
7/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
8/2005 
9/2005 
9/2005 
9/2005 
9/2005 
9/2005 
9/2005 
10/2005 
11/2005 
12/2005 


Kauf et al. 
Paton et al. 
McDevitt et al. 
Yamauchi et al. 
Turri 

Eggers et al. 
Kimmell et al. 
Lobdell 

Spink, Jr. 
Morley et al. 
Beaupre 
Shoenman et al. 
Shibata et al. 
Take et al. 
Underwood et al. 
Truckai et al. 
Truckai et al. 
Schulze et al. 
Truwit et al. 
Messerly 
Bommannan et al. 
Christensen 
Anderson et al. 
Hoffman 
Stegelmann 
Schrodinger et al. 
Saadat et al. 
Ishikawa 

Araki et al. 
Wham et al. 
Dycus et al. 
Selmon et al. 
Truckai et al. 
Latterell et al. 
Donofrio 

Brock et al. 
Ehrnsperger et al. 
Swanson 
Mollenauer 
Tovey et al. 
Battaglin et al. 
Gonnering 
McGuckin, Jr. et al. 
Morley et al. 
Hoey et al. 
Brock 

Treat et al. 

Lee et al. 

White et al. 

Du et al. 

Green et al. 
Ishijima 
Kadziauskas et al. 
Okada et al. 
Goble 

Kermode et al. 
Truckai et al. 
Treat et al. 
Wiener et al. 
Truckai et al. 
Dey et al. 
Eggers et al. 
Phan 

Baker et al. 
Garito et al. 
Hirakui et al. 
Chian 

Nita et al. 
Truckai et al. 
Matsushita et al. 
Wells 

Pantera et al. 
Nita et al. 
Donofrio et al. 
Birgel 

Refior et al. 
McClurken et al. 
Donofrio et al. 
Weber et al. 
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6,976,844 
6,976,969 
6,977,495 
6,979,332 
6,981,628 
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ULTRASONIC SURGICAL BLADE WITH 
IMPROVED CUTTING AND COAGULATION 
FEATURES 


INTRODUCTION 


The present disclosure is related generally to ultrasonic 
blades for use in surgical instruments. In particular, the 
present disclosure is related to ultrasonic surgical blades for 
use in surgical instruments and, more particularly, to an 
ultrasonic surgical blade with improved cutting and coagu- 
lation features. 


BACKGROUND 


Ultrasonic instruments, including both hollow core and 
solid core instruments, are used for the safe and effective 
treatment of many medical conditions. Ultrasonic instru- 
ments, and particularly solid core ultrasonic instruments, are 
advantageous because they may be used to cut and/or 
coagulate organic tissue using energy in the form of 
mechanical vibrations transmitted to a surgical end-effector 
at ultrasonic frequencies. Ultrasonic vibrations, when trans- 
mitted to organic tissue at suitable energy levels and using 
a suitable end-effector, may be used to cut, dissect, or 
cauterize tissue. Ultrasonic instruments utilizing solid core 
technology are particularly advantageous because of the 
amount of ultrasonic energy that may be transmitted from 
the ultrasonic transducer, through the waveguide, to the 
surgical end-effector. Such instruments may be used for 
open procedures or minimally invasive procedures, such as 
endoscopic or laparoscopic procedures, wherein the end- 
effector is passed through a trocar to reach the surgical site. 

Activating the end-effector (e.g., cutting blade) of such 
instruments at ultrasonic frequencies induces longitudinal 
vibratory movement that generates localized heat within 
adjacent tissue, facilitating both cutting and coagulation. 
Because of the nature of ultrasonic instruments, a particular 
ultrasonically actuated end-effector may be designed to 
perform numerous functions, including, for example, cutting 
and coagulation. The structural stress induced in such end- 
effectors by vibrating the blade at ultrasonic frequencies 
may have a number of undesirable effects. Such undesirable 
effects may include, for example, transverse motion in the 
instrument waveguide that may lead to, for example, excess 
heat generation in the waveguide or premature stress failure. 

Although ultrasonic surgical instruments have been emi- 
nently successful, some areas of improvement still remain. 
For example, it would be desirable for improved ultrasonic 
blades to remove the gall bladder from the liver bed and for 
coagulation to facilitate the procedure. An ultrasonic blade 
that enables efficient dissection of the gall bladder from the 
liver bed using proximal and distal surfaces facilitates the 
surgical technique. An ultrasonic blade which has a hook or 
right angle or near right angle bend near the distal end would 
provide advantages for access and visibility. The challenges 
to providing such a configuration have been stress and 
balance related. An ultrasonic blade with such a configura- 
tion must be behave in a balanced manner and be sufficiently 
strong to endure the added stresses. It would, therefore, be 
desirable to design an improved ultrasonic surgical blade. It 
would further be advantageous to provide an ultrasonic 
surgical blade that cuts faster, while maintaining hemostasis 
desired by the surgeon. It would also be advantageous to 
provide an ultrasonic surgical blade that is more controllable 
and precise, to providing cutting where needed with signifi- 
cant control. An ultrasonic surgical instrument is described 
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with improved cutting and coagulation features to provide 
these advantages and overcome the disadvantages of previ- 
ous instruments. 


SUMMARY 


Various embodiments of ultrasonic surgical blades are 
disclosed. 

1. In one example, an ultrasonic surgical blade comprises 
a solid body; a longitudinal portion having a proximal end 
configured to couple to an ultrasonic transmission wave- 
guide and a distal end configured to dissect and coagulate 
tissue, the longitudinal portion comprising: a substantially 
planar longitudinal surface; and a distal hemostasis surface 
located opposite of the substantially planar longitudinal 
surface; a transverse portion extending crosswise from the 
distal end of the longitudinal portion, the transverse portion 
defining a hook having a free end configured to pull and 
dissect tissue, the transverse portion comprising: a curved 
section extending from a distal end of the substantially 
planar longitudinal surface; a tip surface defined at the free 
end; a substantially planar proximal inner surface extending 
from the curved surface to the tip surface; and an outer 
concave distal surface extending from the tip surface to the 
distal hemostasis surface; and a distal dissection edge 
defined at a surface inflection of the outer concave distal 
surface and the distal hemostasis surface. 

2. In another example, the ultrasonic surgical blade of 
example 1 is disclosed, wherein the longitudinal portion 
comprises a proximal hemostasis surface located opposite of 
the substantially planar longitudinal surface. 

3. In another example, the ultrasonic surgical blade of 
example 2 is disclosed, comprising first and second lateral 
surfaces extending from the body to the proximal hemostasis 
surface defining first and second cutting edges defined at 
first and second surface inflections between the first and 
second lateral surfaces and the proximal hemostasis surface. 

4. In another example, the ultrasonic surgical blade of 
example 2 is disclosed, wherein the distal hemostasis sur- 
face has a surface area S1 selected form a range of 3.226 
mm? to 6.45 mm? (0.005 in? to 0.01 in?). 

5. In another example, the ultrasonic surgical blade of 
example 1 is disclosed, further comprising a beveled edge 
defined between the tip surface and the substantially planar 
proximal inner surface. 

6. In another example, the ultrasonic surgical blade of 
example 1 is disclosed, further comprising an oblique tip 
surface extending from the tip surface to the outer concave 
distal surface. 

7. In another example, the ultrasonic surgical blade of 
example 1 is disclosed, wherein the depth of the transverse 
portion measured from the tip surface to the proximal 
hemostasis surface is selected from a range of 1.8 mm to 3.0 
mm (0.071 in to 0.118 in). 

8. In another example, the ultrasonic surgical blade of 
example 1 is disclosed, wherein the proximal hemostasis 
surface has a surface area S2 selected form a range of 6.45 
mm? to 12.90 mm? (0.01 in? to 0.02 in?). 

9. In one example, an ultrasonic surgical blade comprises 
a solid body; a longitudinal portion having a proximal end 
and a distal end, the longitudinal portion comprising: a 
substantially planar longitudinal surface; and a distal hemo- 
stasis surface located opposite of the substantially planar 
longitudinal surface; a transverse portion extending cross- 
wise from the distal end of the longitudinal portion, the 
transverse portion defining a hook having a free end, the 
transverse portion comprising: a curved section extending 
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from a distal end of the substantially planar longitudinal 
surface; a tip surface defined at the free end; a proximal 
inner surface extending from the curved surface to the tip 
surface; and an outer convex distal surface extending from 
the tip surface to the distal hemostasis surface. 

10. In another example, the ultrasonic surgical blade of 
example 9 is disclosed, wherein the longitudinal portion 
comprises a proximal hemostasis surface located opposite of 
the substantially planar longitudinal surface. 

11. In another example, the ultrasonic surgical blade of 
example 10 is disclosed, comprising first and second lateral 
surfaces extending from the body to the proximal hemostasis 
surface defining first and second cutting edges defined at 
first and second surface inflections between the first and 
second lateral surfaces and the proximal hemostasis surface. 

12. In another example, the ultrasonic surgical blade of 
example 10 is disclosed, wherein the distal hemostasis 
surface has a surface area S1 selected form a range of 0.005 
in? to 0.01 in? (3.226 mm? to 6.45 mm”). 

13. In another example, the ultrasonic surgical blade of 
example 9 is disclosed, wherein the depth of the transverse 
portion measured from the tip surface to the proximal 
hemostasis surface is selected from a range of 1.8 mm to 3.0 
mm (0.071 in to 0.118 in). 

14. In another example, the ultrasonic surgical blade of 
example 9 is disclosed, wherein the proximal hemostasis 
surface has a surface area S2 selected form a range of 0.01 
in? to 0.02 in? (6.45 mm? to 12.90 mm”). 

15. In one example, an ultrasonic surgical blade com- 
prises a solid body; a longitudinal portion having a proximal 
end and a distal end, the longitudinal portion comprising: a 
sharp central ridge; a distal hemostasis surface located 
opposite of the substantially planar longitudinal surface; and 
an end mass located at the distal end of the longitudinal 
portion; and a transverse portion extending crosswise from 
the distal end of the longitudinal portion and located oppo- 
site of the end mass, the transverse portion defining a hook 
having a free end, the transverse portion comprising a tip 
surface defined at the free end. 

16. In another example, the ultrasonic surgical blade of 
example 15 is disclosed, wherein the sharp central ridge 
comprise at least two segments extending from a neck 
portion of the body to the tip surface of the hook. 

17. In another example, the ultrasonic surgical blade of 
example 16 is disclosed, wherein the sharp central ridge 
comprises a proximal segment, an intermediate arcuate 
segment, and a distal linear segment. 

18. In another example, the ultrasonic surgical blade of 
example 16 is disclosed, wherein the proximal segment is 
defined by a junction of two proximal oblique surfaces that 
extend downwardly and outwardly from the proximal seg- 
ment, the intermediate arcuate segment is defined by a 
junction of intermediate arcuate oblique surfaces that extend 
downwardly and outwardly from the intermediate arcuate 
segment, and the distal linear segment is defined by a 
junction of distal oblique surfaces that extend distally and 
outwardly from the distal linear segment. 

19. In another example, the ultrasonic surgical blade of 
example 15 is disclosed, wherein the depth of the transverse 
portion measured from the tip surface to the proximal 
hemostasis surface is selected from a range of 1.8 mm to 3.0 
mm (0.071 in to 0.118 in). 

20. In another example, the ultrasonic surgical instrument 
of example 15 is disclosed, where in the hemostasis surface 
is located on a surface portion of the end mass. 

The foregoing summary is illustrative only and is not 
intended to be in any way limiting. In addition to the 
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illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features will 
become apparent by reference to the drawings and the 
following detailed description. 


FIGURES 


The novel features of the embodiments described herein 
are set forth with particularity in the appended claims. The 
embodiments, however, both as to organization and methods 
of operation may be better understood by reference to the 
following description, taken in conjunction with the accom- 
panying drawings as follows. 

FIG. 1 is an illustration of an ultrasonic instrument 
according to one embodiment. 

FIG. 2 is an illustration ofthe ultrasonic instrument shown 
in FIG. 1, with the outer sheath removed to reveal the 
underlying ultrasonic transmission waveguide. 

FIG. 3 is an illustration of the ultrasonic surgical instru- 
ment shown in FIG. 1 with the right and left shrouds 
removed. 

FIG. 4 is an illustration of the handle assembly of the 
ultrasonic surgical instrument shown in FIG. 1 with the left 
shroud, the shaft assembly, and the nose cone removed. 

FIG. 5 is a front view of the ultrasonic surgical instrument 
shown in FIG. 1 with the nose cone removed to show the 
underlying activation button assembly, the clutch plate, 
retainer, and support bushing. 

FIG. 6 illustrates one embodiment of a surgical end- 
effector integrally formed with an ultrasonic transmission 
waveguide. 

FIG. 7 is a perspective view of an ultrasonic surgical blade 
according to one embodiment. 

FIG. 8 is a side view of the ultrasonic surgical blade 
shown in FIG. 7, according to one embodiment. 

FIG. 9 is a perspective view of the ultrasonic surgical 
blade according to one embodiment. 

FIG. 10 is an illustration of the distal and proximal 
hemostasis surface of the ultrasonic surgical blade shown in 
FIGS. 7-9, according to one embodiment. 

FIG. 11 is a side view of the ultrasonic surgical blade in 
a neutral position illustrating the location of the distal 
antinode AN and the longitudinal axis L, according to one 
embodiment. 

FIG. 12 is an illustration of the ultrasonic surgical blade 
shown in FIG. 11 in an intermediate position with no 
displacement. 

FIG. 13 is an illustration of the ultrasonic surgical blade 
shown in FIG. 11 in a maximum proximal displacement, and 

FIG. 14 is an illustration of the ultrasonic surgical blade 
shown in FIG. 11 in a maximum distal displacement. 

FIG. 15 is a graphical representation of displacement 
(microns) along the vertical axis of the ultrasonic surgical 
blade shown in FIGS. 12-14 versus distance (in) along the 
ultrasonic surgical blade along the horizontal axis, according 
to one embodiment. 

FIG. 16 is a side of the ultrasonic surgical blade shown in 
FIG. 7 illustrating the position of several sectional views 
shown in FIGS. 17-29, according to one embodiment. 

FIG. 17 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 17-17, according 
to one embodiment. 

FIG. 18 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 18-18, according 
to one embodiment. 
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FIG. 19 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 19-19, according 
to one embodiment. 

FIG. 20 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 20-20, according 
to one embodiment. 

FIG. 21 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 21-21, according 
to one embodiment. 

FIG. 22 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 22-22, according 
to one embodiment. 

FIG. 23 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 23-23, according 
to one embodiment. 

FIG. 24 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 24-24, according 
to one embodiment. 

FIG. 25 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 25-25, according 
to one embodiment. 

FIG. 26 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 26-26, according 
to one embodiment. 

FIG. 27 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 27-27, according 
to one embodiment. 

FIG. 28 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 16 taken along section line 28-28, according 
to one embodiment. 

FIG. 29 is an illustration of a bottom view of the ultra- 
sonic surgical blade shown in FIG. 7 showing the distal and 
proximal hemostasis surfaces and lateral cutting edges. 

FIG. 30 is a sectional view of the ultrasonic surgical blade 
shown in FIG. 29 taken along section line 30-30, according 
to one embodiment. 

FIG. 31 is a top view of the ultrasonic surgical blade 
shown in FIG. 29, according to one embodiment. 

FIG. 32 is an end view of the ultrasonic surgical instru- 
ment showing the ultrasonic surgical blade and the outer 
tube/sheath, according to one embodiment. 

FIG. 33 is perspective view of the ultrasonic surgical 
blade, according to one embodiment. 

FIG. 34 is a side view of the ultrasonic surgical blade 
shown in FIG. 33, according to one embodiment. 

FIG. 35 is an end view of the ultrasonic surgical blade 
shown in FIG. 33, according to one embodiment. 

FIG. 36 is another perspective view of the ultrasonic 
surgical blade shown in FIG. 33, according to one embodi- 
ment. 

FIG. 37 is a bottom view of the ultrasonic surgical blade 
shown in FIG. 33, according to one embodiment. 

FIG. 38 is an illustration of the distal and proximal 
hemostasis surface of the ultrasonic surgical blade shown in 
FIGS. 33-37, according to one embodiment. 

FIG. 39 is a perspective view of the ultrasonic surgical 
blade shown in FIG. 39, according to one embodiment. 

FIG. 40 is a side view of the ultrasonic surgical blade 
shown in FIG. 39, according to one embodiment. 

FIG. 41 is an end view of the ultrasonic surgical blade 
shown in FIG. 39, according to one embodiment. 

FIG. 42 is an end view of the ultrasonic surgical blade 
shown in FIGS. 39-41 illustrating a triangle shaped end 
mass, according to one embodiment. 

FIG. 43 is an end view of the ultrasonic surgical blade 
shown in FIGS. 39-41 illustrating a suitable diameter for 
trocar entry, according to one embodiment. 
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FIG. 44 is a bottom view of the ultrasonic surgical blade 
shown in FIG. 39 in compression mode, according to one 
embodiment. 

FIG. 45 is a bottom view of the ultrasonic surgical blade 
shown in FIG. 39 in tension mode, according to one embodi- 
ment. 

FIG. 46 illustrates the ultrasonic surgical blade shown in 
FIG. 39 in a neutral unexcited state. 

FIG. 47 illustrates the ultrasonic surgical blade shown in 
FIG. 46, as the vibration process initiates, where the blade 
hook is displaced distally under tension mode and the gap 
defined by the balance feature expands. 

FIG. 48 illustrates the ultrasonic surgical blade shown in 
FIG. 47 as the blade continues to be displaced distally under 
tension until it reaches a point of maximum displacement 
under tension. 

FIG. 49 illustrates the ultrasonic surgical blade shown in 
FIG. 48 as the blade is now in compression mode and has 
begun to contract. 

FIG. 50 illustrates the ultrasonic surgical blade shown in 
FIG. 49 as the blade has reached a point of maximum 
compression where its overall displacement is at a minimum 
and the gap defined by the balance feature is at a minimum. 

FIG. 51 illustrates a point of maximum displacement of 
the ultrasonic surgical blade shown in FIG. 39, according to 
one embodiment. 

FIG. 52 illustrates a bottom view ofthe ultrasonic surgical 
blade shown in FIG. 51 under maximum displacement, 
according to one embodiment. 

FIG. 53. Illustrates one embodiment of a right angle 
balance blade. 

FIG. 54 is an illustration of a balanced displacement plot 
of a right angle balanced blade, similar to the blade shown 
FIG. 53, in a maximum displacement state, according to one 
embodiment. 

FIG. 55 illustrates a right angle balanced ultrasonic blade 
driven in transverse mode to produce longitudinal motion at 
an end effector section, according to one embodiment. 

FIG. 56 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade. 

FIG. 57 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade. 

FIG. 58 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade. 

FIG. 59 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade. 

FIG. 60 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade. 


DESCRIPTION 


In the following detailed description, reference is made to 
the accompanying drawings, which form a part hereof. In 
the drawings, similar symbols and reference characters 
typically identify similar components throughout the several 
views, unless context dictates otherwise. The illustrative 
embodiments described in the detailed description, draw- 
ings, and claims are not meant to be limiting. Other embodi- 
ments may be utilized, and other changes may be made, 
without departing from the scope of the subject matter 
presented here. 

The following description of certain examples of the 
technology should not be used to limit its scope. Other 
examples, features, aspects, embodiments, and advantages 
of the technology will become apparent to those skilled in 
the art from the following description, which is by way of 
illustration, one of the best modes contemplated for carrying 
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out the technology. As will be realized, the technology 
described herein is capable of other different and obvious 
aspects, all without departing from the technology. Accord- 
ingly, the drawings and descriptions should be regarded as 
illustrative in nature and not restrictive. 

It is further understood that any one or more of the 
teachings, expressions, embodiments, examples, etc. 
described herein may be combined with any one or more of 
the other teachings, expressions, embodiments, examples, 
etc. that are described herein. The following-described 
teachings, expressions, embodiments, examples, etc. should 
therefore not be viewed in isolation relative to each other. 
Various suitable ways in which the teachings herein may be 
combined will be readily apparent to those of ordinary skill 
in the art in view of the teachings herein. Such modifications 
and variations are intended to be included within the scope 
of the claims. 

In the following description, it is to be understood that 
terms such as front, back, inside, outside, top, bottom and 
the like are words of convenience and are not to be construed 
as limiting terms. Terminology used herein is not meant to 
be limiting insofar as devices described herein, or portions 
thereof, may be attached or utilized in other orientations. 
The various embodiments will be described in more detail 
with reference to the drawings. 

The present disclosure provides an ultrasonic instrument 
comprising an ultrasonic blade with improved cutting and 
coagulation features. FIG. 1 is an illustration of an ultrasonic 
instrument 100 according to one embodiment. The ultra- 
sonic instrument 100 comprises a handle assembly 102, a 
shaft assembly 104, and a surgical end-effector 106. The 
handle assembly 102 comprises right and left shrouds 108a, 
1085, an activation button assembly 110, and a nose cone 
112. The activation button assembly 110 comprises a plu- 
rality of activation buttons. Turning briefly to FIG. 5, which 
is a front view of the ultrasonic instrument, it can be seen 
that in one embodiment, the activation button assembly 110 
comprises eight activation buttons 110a, 1105, 110c, 1104, 
110e, 1105 110g, 1107 distributed about the handle assembly 
102. Turning back to FIG. 1, the shaft assembly 104 com- 
prises an outer sheath 114. The surgical end-effector 106 
comprises an ultrasonic surgical blade 116 with improved 
cutting and coagulation features. The ultrasonic surgical 
blade 116 and ultrasonic transmission waveguide is isolated 
from the outer sheath 114 with multiple isolation spacers 
118, which can be overmolded over the ultrasonic transmis- 
sion waveguide. 

The handle assembly 102 also comprises an ultrasonic 
transducer acoustically coupled to an ultrasonic transmis- 
sion waveguide which is acoustically coupled to the surgical 
end-effector 106. The handle assembly 102 is electrically 
connected to an ultrasonic energy generator, which can be 
activated by one of the plurality of activation buttons 
110a-1107, for example the activation button 110a. Depress- 
ing the activation button 110a activates the ultrasonic gen- 
erator, and delivers electrical energy to an ultrasonic trans- 
ducer located in the handle assembly 102. The ultrasonic 
transducer in the handle assembly 102 converts the electrical 
energy to ultrasonic motion, which is acoustically coupled to 
the ultrasonic transmission assembly and the treatment 
region of the surgical end-effector 106. The treatment region 
vibrates at an excursion magnitude of 20 micrometers to 150 
micrometers, and at a frequency of approximately 55.5 
kilohertz, although other frequencies may be employed, 
without departing from the scope of the present disclosure. 

FIG. 2 is an illustration of the ultrasonic instrument 100 
shown in FIG. 1, with the outer sheath 114 (FIG. 1) removed 
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to reveal the underlying ultrasonic transmission waveguide 
120. As shown, isolation spacers 118 are disposed over the 
ultrasonic transmission waveguide 120 to acoustically iso- 
late the outer sheath 114 from the ultrasonic transmission 
waveguide 120. Accordingly, the plurality of isolation spac- 
ers 118 are located on respective nodes along the ultrasonic 
transmission waveguide 120 to minimize the vibrations 
acoustically coupled to the outer sheath 114. In one embodi- 
ment, the isolation spacers 118 may be overmolded over the 
ultrasonic transmission waveguide 120. 

FIG. 3 is an illustration of the ultrasonic surgical instru- 
ment 100 shown in FIG. 1 with the right and left shrouds 
108a, 1085 removed. The handle assembly 102 includes a 
support base 122 located proximal to the activation button 
assembly 110. 

FIG. 4 is an illustration of the handle assembly 102 of the 
ultrasonic surgical instrument 100 shown in FIG. 1 with the 
left shroud 1086 (FIG. 1), the shaft assembly 102 (FIG. 1), 
and the nose cone 112 removed. As shown in FIG. 4, below 
the nose cone 112 is a bridge guide 132 operatively coupled 
to the activation button assembly 110. A clutch plate 134 and 
clutch spring 136 are disposed between the bridge guide 132 
and a retainer 138. A support bushing 140 supports the shaft 
assembly 102. 

FIG. 5 is a front view of the ultrasonic surgical instrument 
100 shown in FIG. 1 with the nose cone 112 removed to 
show the underlying activation button assembly 110, the 
clutch plate 134, retainer 138, and support bushing 140. The 
activation button assembly 110 comprises a plurality acti- 
vation buttons 110а-110й, that are individually program- 
mable to perform a particular function. For example, the 
activation 110a is electrically coupled to the ultrasonic 
generator and is used to energize the ultrasonic transducer to 
activate the surgical end-effector 106. 

Having described one embodiment of an ultrasonic sur- 
gical instrument 100 (FIGS. 1-5) that can be configured to 
operate a surgical end-effector 106, the present disclosure 
now turns to a description of one embodiment of a surgical 
end-effector 106 in connection with FIGS. 6-32. 


Ultrasonic Blade for Tissue Dissection and 
Hemostasis (Embodiment 1) 


FIGS. 6-32 illustrate one embodiment of the ultrasonic 
surgical blade 116 configured with edges and surfaces to 
optimize hemostasis and dissection. In one use, the distal 
portion allows access to surface tissue, such as the liver bed, 
for efficient hemostasis. Sharp edges disposed on the distal 
portion of the ultrasonic surgical blade 116 deliver quick 
dissection. Accordingly, the disclosed ultrasonic blade 116 
enables efficient dissection of the gall bladder from the liver 
bed using proximal and distal surfaces for ease of surgeon 
technique. 

FIG. 6 illustrates one embodiment of a surgical end- 
effector 106 integrally formed with an ultrasonic transmis- 
sion waveguide 120. The surgical end-effector 106 com- 
prises an ultrasonic surgical blade 116 having a neck 142 
coupled to the ultrasonic transmission waveguide 120. The 
ultrasonic transmission waveguide 120 is a component of 
the shaft assembly 104 and is acoustically isolated from 
other components of the shaft assembly 104, such as the 
outer sheath 114 (FIG. 1), by the isolation spacer 118. The 
ultrasonic surgical blade 116 is configured to vibrate in 
response to ultrasonic energy applied thereto via the ultra- 
sonic transmission waveguide 120. A balance feature 143 is 
defined as a cutout section in the ultrasonic transmission 
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waveguide 120 to facilitate the expansion and contraction of 
the uitrasonic transmission waveguide 120 during the vibra- 
tory process. 

FIG. 7 is a perspective view of an ultrasonic surgical blade 
116 according to one embodiment. The distal portion of the 
ultrasonic surgical blade 116 has a curved or angular shape 
that defines a blade hook 150 having a free end configured 
for pulling and cutting tissue during use. The ultrasonic 
surgical blade 116 comprises a longitudinal portion 141 
extending distally from the neck 142, where it couples to 
ultrasonic vibrations and a transverse portion 147 extending 
from a distal end of the longitudinal portion 141. The 
transverse portion 147 of the ultrasonic surgical blade 116 
defines the blade hook 150. At the end of the transverse 
portion, the blade hook 150 defines a tip surface 144 
optimized to access tissue planes. From the tip surface 144, 
extending outwardly and towards the longitudinal portion 
141, the tip surface 144 transitions at a surface inflection 139 
to an oblique tip surface 145 having a convex radius of 
curvature. Extending from the oblique tip surface 145, at 
another surface inflection 153, the blade hook 150 defines an 
outer distal surface 152 on a distal side of the blade hook 
150, where the outer distal surface 152 defines a contour 
profile configured to facilitate access to tissue planes. The 
distal surface 152 has a concave radius of curvature that 
defines a reduced size contour profile to facilitate better 
access to tissue planes. An angle 0, is defined by the tip 
surface 144 and the oblique tip surface. 

Extending from the outer distal surface 152 through yet 
another surface inflection is a distal hemostasis surface 148 
defining a larger surface area. The distal hemostasis surface 
148 has a convex radius of curvature. A dissection edge 146 
is defined at the surface inflection between the outer distal 
surface 152 and the distal hemostasis surface 148. The 
dissection edge 146 is configured to improve the dissection 
or cutting speed. The contour profile of the outer distal 
surface 152 extends distally at the surface inflection defining 
the dissection edge 146 such that the transverse portion 147 
of the hook 150 is tapered from the dissection edge 146 to 
the oblique tip surface 145. From the surface inflection 153, 
the oblique tip surface 145 extends at an angle to the tip 
surface 144. The proximal end ofthe tip surface 144 defines 
a beveled edge 182. The inner, proximal, portion of the blade 
hook 150 defines a substantially planar inner surface 149 on 
the proximal side of the blade hook 150 that extends along 
the transverse portion 147 from the beveled edge 182 of the 
tip surface 144 to a curved surface 151 having a concave 
radius of curvature r,. The depth d, of the transverse portion 
147 measured from the tip surface 144 to the planar longi- 
tudinal surface 161 may be optimized to pull tissue of 
various types. À proximal hemostasis surface 154 is pro- 
vided on the longitudinal portion 141 of the ultrasonic 
surgical blade 116 and is sized to deliver suitable hemostasis 
while minimizing mass. 

The ultrasonic surgical blade 116 also may comprise 
additional surfaces designed to acoustically balance the 
ultrasonic surgical blade 116. These surfaces include a first 
lateral surface 156, a second lateral surface 158, and a third 
lateral surface 160 located on one side of the ultrasonic 
surgical blade 116 and corresponding lateral surfaces on the 
other side of the ultrasonic surgical blade 116, which are 
labeled by a prime ("). The lateral surfaces 160, 160' are 
oblique and extend from a proximal body portion 159 of the 
blade 116 to the proximal hemostasis surface 154. Cutting 
edges 165, 165' are defined at the surface inflections of the 
proximal hemostasis surface 154 and the oblique lateral 
surfaces 160, 160'. The lateral surfaces 156, 156' 158, 158', 


40 


45 


60 


65 


10 


160, 160' are produced by removing mass from the blade 
body 159 and are contoured to balance the ultrasonic sur- 
gical blade 116 to provide stable ultrasonic vibrations when 
energized. The substantially planar longitudinal surface 161 
is part of the longitudinal portion 141 of the ultrasonic 
surgical blade 116 extending from the neck 142 towards the 
curved surface 151 of the transverse portion 147 of the blade 
hook 150. 

FIG. 8 is a side view of the ultrasonic surgical blade 116 
shown in FIG. 7, according to one embodiment. As 
described in connection with FIG. 7, the depth d, ofthe hook 
150 is optimized to pull tissue. The dimension d, is the depth 
of the hook 150 from the upper tip 144 to the substantially 
planar longitudinal surface 161. The depth d, is approxi- 
mately 2.4 mm and may vary between 1.8 mm to 3.0 mm, 
without departing from the scope of the present disclosure. 
A cutting edge 165 is defined by a surface inflection between 
the proximal hemostasis surface 154 and the cutting surface 
163. The upper tip surface 144 defines a beveled edge 182. 
The upper tip 144 surface has a slight convexity. 

The dimension r, is the radius of curvature of the curved 
surface 151 that joins the lower section of the flat inner 
surface 149 to the substantially planar longitudinal surface 
161. The radius of curvature r, is approximately 0.823 mm 
and may vary between 0.635 mm to 1.010 mm, without 
departing from the scope of the present disclosure. 

The dimension d, is the width of the upper surface 144 
extending from the inner surface 149 to the juncture of the 
upper surface 144 and the oblique tip surface 145 may vary 
based on the particular configuration of this embodiment. 
The dimension d, is approximately 0.5075 mm and may 
vary from 0.38 mm to 0.635 mm, but the embodiment is not 
limited in this context. 

The dimension d, is the distance from the planar inner 
surface 149 to the juncture of the oblique tip surface 145 and 
the distal surface 152. The juncture of the of the distal 
surface 152 is the minimum length of the distal surface 152, 
which flares out distally at a radius of curvature r, to the 
juncture with the dissection edged 146. The dimension of 4, 
is approximately 1.08 mm and may vary between 0.89 mm 
to 1.27 mm, without departing from the scope of the present 
disclosure. The dimension of r, given the same centerline is 
approximately 8.57 mm and may vary between 8.38 mm to 
8.76 mm, without departing from the scope of the present 
disclosure. 

The dimension r, is the radius of curvature of the oblique 
tip surface 145, which has a convex curvature. The radius of 
curvature r, is approximately 2.985 mm and may vary 
between 2.8 mm to 3.17 mm, without departing from the 
scope of the present disclosure. 

The distance from the juncture of the tip surface 144 and 
the oblique tip surface 145 defines the degree of obliqueness 
of the oblique tip surface 145. This dimension may vary 
depending on the particular configuration of this embodi- 
ment. 

The length extending orthogonally from a point where the 
curved surface 151 meets the longitudinal flat surface 161 to 
a point on the distal surface 152 defines the base of the 
transverse portion 147. This dimension may vary depending 
on the particular configuration of this embodiment. 

The dimension d, is the length from the juncture of the tip 
surface 144 and the planar inner surface 149 to the most 
distal point defined by the dissection edge 146. The dimen- 
sion of d, is approximately 1.58 mm may vary between 1.39 
mm to 1.77 mm, without departing from the scope of the 
present disclosure. 
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The length of the distal surface 152 extends from the 
juncture with the obligue tip surface 145 to the juncture of 
the distal surface 152 and the dissection edge 146 at a radius 
of curvature of r;. This dimension may vary depending on 
the particular configuration of this embodiment. The radius 
of curvature of the distal hemostasis surface 148, may vary 
depending on the particular configuration of this embodi- 
ment. 

The length of the longitudinal hemostasis surface 154 
extends from the surface inflection 155 between the proxi- 
mal hemostasis surface 148 and the distal hemostasis surface 
154 and the surface inflection 157 between the distal hemo- 
stasis surface 154 and the blade body 159. This dimension 
may vary depending on the particular configuration of this 
embodiment. 

The dimension d; is the distance from the longitudinal 
surface 154 to the surface inflection between the blade body 
159 and the substantially planar longitudinal surface 161. 
The dimension of d, is approximately 4.375 mm and can 
vary from 3.75 mm to 5.00 mm, without departing from the 
scope of the present disclosure. 

FIG. 9 is a perspective view of the ultrasonic surgical 
blade 116 according to one embodiment. The view illus- 
trated in FIG. 9 shows the width of the junctures 155, 157 
of the distal and proximal hemostasis surfaces 148, 154, 
respectively, and the surface areas of each surface 148, 154. 
The sizes of the distal and proximal hemostasis surfaces 148, 
154 are dimensioned to deliver suitable hemostasis while 
minimizing mass. 

FIG. 10 is an illustration of the distal and proximal 
hemostasis surface 148, 154 of the ultrasonic surgical blade 
116 shown in FIGS. 7-9, according to one embodiment. The 
distal hemostasis surface 148 defines a distal dissection edge 
146 and lateral sharp cutting edges 172, 172'. The dimension 
d, is the maximum width of the distal hemostasis surface 
148 and dimension d; is the minimum width of the distal 
hemostasis surface 148 and the minimum width of the 
proximal hemostasis surface 154. The dimension of d; may 
vary according to the particular configuration of this 
embodiment. The distal hemostasis surface 148 has an 
effective surface area 51 of approximately 4.838 mm? and 
may vary over a range of 3.226 mm? to 6.45 mm? (0.005 in? 
to 0.01 112). The proximal hemostasis surface 154 defines 
lateral sharp cutting edges 170, 170'. The dimension d; is the 
minimum width of the proximal hemostasis surface 154. The 
dimension d; is the maximum width of the proximal hemo- 
stasis surface 154. The dimension of d; may vary according 
to the particular configuration of this embodiment. The 
proximal hemostasis surface 154 has an effective surface 
area S2 of approximately 9.675 mm? and may vary over a 
range of 6.45 mm? to 12.90 mm? (0.01 in? to 0.02 in?). 

FIG. 11 is a side view of the ultrasonic surgical blade 116 
in a neutral position illustrating the location of the distal 
antinode AN and the longitudinal axis L, according to one 
embodiment. It is well known that a standing wave that set 
up in the ultrasonic waveguide defines nodes and antinodes, 
where the nodes represent regions of minimal or no dis- 
placement and the antinodes represent regions of maximum 
displacement. The nodes and antinodes occur periodically 
based on the driving frequency of approximately 55.5 kilo- 
hertz, for example. The nodes and antinodes are located at 
one quarter wavelength apart. Accordingly, the transverse 
portion 147 of the blade hook 150 is located at the antinode 
AN, thus is located at a point of maximum displacement. 

FIGS. 12-14 illustrate the ultrasonic surgical blade 116 in 
three states of motions, where FIG. 12 is an illustration of 
the ultrasonic surgical blade 116 shown in FIG. 11 in an 
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intermediate position with no displacement, FIG. 13 is an 
illustration of the ultrasonic surgical blade 116 shown in 
FIG. 11 in a maximum proximal displacement, and FIG. 14 
is an illustration of the ultrasonic surgical blade 116. FIG. 11 
in a maximum distal displacement. Accordingly, with ref- 
erence to FIGS. 12-14, the ultrasonic surgical blade 116 
moves between maximum and minimum displacement as 
the handle assembly 102 (FIG. 1) converts electrical energy 
into ultrasonic motion of ultrasonic transmission assembly 
120 and the treatment region of the surgical ultrasonic 
surgical blade 116. The ultrasonic surgical blade 116 
vibrates at an excursion magnitude of 20 micrometers to 150 
micrometers, and at a frequency of approximately 55.5 
kilohertz. As shown in FIGS. 13 and 14 the maximum 
displacement is represented by the tip surface 144 of the 
hook 150. Also, the balance feature 143 portion assists the 
ultrasonic transmission waveguide 120 to flex during the 
vibration process. 

FIG. 15 is a graphical representation of displacement 
(microns) along the vertical axis of the ultrasonic surgical 
blade 116 shown in FIGS. 12-14 versus distance (in) along 
the ultrasonic surgical blade 116 along the horizontal axis, 
according to one embodiment. The distance along the blade 
indicated as 0.000 in. corresponds to the most proximal 
location where the ultrasonic transmission waveguide 120 
and the distance along the blade indicated as 14.000 in. 
corresponds to the most distal location where the ultrasonic 
tip 144 ofthe ultrasonic surgical blade 116 is displaced. With 
reference now also to FIG. 11, the blade displacement 
waveform 164 represented by the solid line is a standing 
waveform set up in the ultrasonic transmission waveguide 
and end effector ultrasonic surgical blade 116 along the 
longitudinal axil L as shown in FIG. 11. The displacement 
waveform 164 includes periodic nodes 174 and antinodes 
176, 176' at locations along the longitudinal axis L. The 
nodes 174 are locations along the standing waveform 164 
where there is no displacement and antinodes 176 are 
locations where displacement is maximum positive, and 
antinodes 176' where displacement is maximum negative. In 
accordance with the periodic nature of the ultrasonic vibra- 
tions and the properties of a standing wave 164, the nodes 
174 and antinodes 176, 176' are located at a distance equal 
to one quarter wavelength A/4, where the wavelength X 
proportional to the frequency of vibrations К and the speed 
c of sound in the material of the transmission waveguide and 
the ultrasonic surgical blade 116 according to the following 
relationship К=2лА/с. Due to the design of the ultrasonic 
surgical blade 116, it can be seen that the absolute maximum 
displacement occurs at the distal antinode 178, which cor- 
responds to the location of the antinode AN in FIG. 11. 

FIG. 16 is a side of the ultrasonic surgical blade 116 
shown in FIG. 7 illustrating the position of several sectional 
views shown in FIGS. 17-29, according to one embodiment. 

FIG. 17 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 17-17, 
according to one embodiment. The sectional view shows the 
cross-section of the neck 142. The diameter of the neck 142 
increases from an initial diameter d, to a final diameter do. 
The isolation spacer 118 is disposed about the proximal neck 
142' portion of the neck 142 to isolate the ultrasonic surgical 
blade 116 from the outer sheath 114. The isolation spacer 
118 is located at a node of the ultrasonic transmission 
waveguide. The outer diameter d,, of the outer sheath 114 is 
sized to be slidably received within a trocar. The ultrasonic 
surgical blade 116 is sized to fit within the inner diameter d, > 
of the outer sheath 114. 
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FIG. 18 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 18-18, 
according to one embodiment. As shown in the view of FIG. 
18, the ultrasonic surgical blade 116 has an overall dimen- 
sion to fit within the outer sheath 114. The junctures 157, 
157 of the distal hemostasis surfaces 154, 154' and the 
cutting surface 163 section of the lateral surface 160 define 
din the blade body 159 define sharp edges that can be used 
to assist in dissection. The overall width d, ; of the ultrasonic 
surgical blade 116 is defined as the distance between the 
cutting edges 165, 165'. The lateral surface 160, 160' also are 
shown as straight surfaces in FIG. 18. The radius of curva- 
ture of the neck 142 is defined as r,. 

FIG. 19 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 19-19, 
according to one embodiment. As shown, the blade body 
159 widens and defines flat sidewall portions of the lateral 
surfaces 160, 160'. 

FIG. 20 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 20-20, 
according to one embodiment. The radius of curvature of the 
blade body 159 at section 20-20 is defined as rs. 

FIG. 21 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 21-21, 
according to one embodiment. At section line 21-21, the 
cross sectional are of the blade body 159 is less than the 
cross sectional are shown in FIGS. 19 and 20. This is due to 
the lateral surfaces 158, 158' that are defined by the blade 
body 159 to balance the ultrasonic vibrations of the ultra- 
sonic surgical blade 116. As shown, the lateral surfaces 158, 
158' are contoured and define contoured lateral walls 180, 
180' cut, ground, or otherwise formed in the blade body 159. 
Also, a gap d,, is defined between the proximal hemostasis 
surface 154 and the inner diameter of the outer sheath 114. 
The gap d,, enables the knife 116 to be slidably received and 
move within the outer sheath 114 as desired, and to fit within 
the diameter of a trocar. The flat portion 161' of the longi- 
tudinal surface 161 is also shown. The bottom surface 154 
is the proximal hemostasis surface. 

FIG. 22 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 22-22, 
according to one embodiment. This sectional view illustrates 
the contoured lateral walls 180, 180' of the respective lateral 
surfaces 158, 158' defined in the blade body 159. This view 
also shows the cutting surfaces 163, 163' that extend from 
the contoured lateral walls 180, 180' of the respective lateral 
surfaces 158, 158'. This view also shows the length of the 
dimension d, of the planar inner surface 149 that extends 
from the tip surface 144 to the beginning of the curved 
surface 151 having a concave radius of curvature. This view 
also shows the dimension 4, of the beveled edge 182 
defined in the upper tip 144. The dimension of 4,5 and the 
dimension of d,; may vary according to the particular 
configuration of this embodiment. The flat dimension of the 
planar longitudinal surface 161 is also shown. The bottom 
surface 154 is the proximal hemostasis surface. 

FIG. 23 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 23-23, 
according to one embodiment. FIG. 23 shows the flat portion 
161' ofthe longitudinal surface 161, the lateral surfaces 158, 
158', and the contoured lateral walls 180, 180' of the lateral 
surfaces 158, 158'. The cutting surfaces 163, 163' flare out 
laterally from the blade body 159 to a surface inflection that 
defines cutting edges 165, 165'. The bottom surface 154 is 
the proximal hemostasis surface. 

FIG. 24 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 24-24, 
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according to one embodiment. The section line 24-24 is 
taken to show the full dimension d,, of the curved surface 
151 portion of the blade hook 150. Also, shown is the full 
dimension d, of the inner surface 149 portion of the blade 
hook 150 as well as the dimension d, of the beveled edge 
182 of the tip surface 144. This view also shows the flat 
portion 161' of the longitudinal surface 161, the straight 
lateral sidewalls of the blade hook 150 defined by the 
sidewalls ofthe beveled edge 182, the inner surface 149, and 
the curved surface 151. In this view, the dimension of the 
curved surface 151 is given by d,,. Extending below the flat 
portion 161' of the longitudinal surface 161 is the sectional 
view of the blade body 159 that defines the sidewalls of the 
lateral surfaces 158, 158' and the contoured lateral sidewalls 
180, 180' of the lateral surfaces 158, 158' defined by the 
body 159. The bottom surface 154 is the proximal hemos- 
tasis surface. As previously discussed, the depth of the hook 
150 is given by dimension d,. 

FIG. 25 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 25-25, 
according to one embodiment. The section view 25-25 is 
taken at the transition between the tip surface 144 and the 
oblique tip surface 145. This view shows the full dimension 
of the ultrasonic surgical blade 116 located within the outer 
tube/sheath 114. The straight sidewalls 184, 184' ofthe blade 
hook 150 and the contoured lateral sidewalls 180, 180' ofthe 
lateral surfaces 158, 158' defined by the body 159. The 
contoured lateral sidewalls 180, 180' define the juncture 155 
of the distal and proximal hemostasis surfaces 148, 154. 
Also shown is the distal hemostasis bottom surface 148 
relative to the straight sidewall 184, 184' of the blade hook 
150. 

FIG. 26 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 26-26, 
according to one embodiment. This view shows the straight 
sidewalls 184, 184' of the blade hook 150 which extends into 
the contoured lateral walls 180, 180' defined by the body 
159. The contoured lateral walls 180, 180' define the junc- 
ture 155 of the distal and proximal hemostasis surfaces 148, 
154. The distal hemostasis bottom surface 148 has a radius 
of curvature of rs. 

FIG. 27 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 27-27, 
according to one embodiment. As illustrated in the sectional 
view shown in FIG. 27, the lateral surfaces 158, 158' have 
a radius of curvature of rz. The radius of curvature of rg may 
vary according to the particular configuration of this 
embodiment. Also shown is the longitudinal extending por- 
tion 141 of the blade hook 150. 

FIG. 28 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 16 taken along section line 28-28, 
according to one embodiment. This view also shows the 
radius of curvature r, of the lateral surfaces 158, 158' and the 
cutting edges 165, 165' defined by the surface inflection 
between the proximal hemostasis surface 154 and the cutting 
surface 163 (FIG. 8). 

FIGS. 29-32 provide additional views of the ultrasonic 
surgical blade 116 shown in FIG. 7, according to one 
embodiment. FIG. 29 is an illustration of a bottom view of 
the ultrasonic surgical blade 116 shown in FIG. 7 showing 
the distal and proximal hemostasis surfaces 148, 154 and 
lateral cutting edges 172, 172", 170, 170'. This view also 
shows the edges 155', 155" defined by the surface inflection 
155 between the distal and proximal hemostasis surfaces 
148, 154. The most distal portion of the distal hemostasis 
surface 148 defines the dissection edge 146, which is defined 
as the surface inflection between the distal hemostasis 
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surface 148 and the distal surface 152 (FIG. 8). Another 
surface inflection 157 between the proximal hemostasis 
surface 154 and the blade body 159 defines edges 157', 157" 
from which the cutting edges 165, 165' extend until they 
meet the lateral cutting edges 170, 170'. The blade body 159 
transitions to the ultrasonic transmission waveguide 142 
through surface loft 186. For completeness, the ultrasonic 
transmission waveguide 142 is shown extending proximally 
into the outer tube/sheath 114. 

FIG. 30 is a sectional view of the ultrasonic surgical blade 
116 shown in FIG. 29 taken along section line 30-30, 
according to one embodiment. This sectional view is taken 
along the longitudinal centerline to show the relevant fea- 
tures of the ultrasonic surgical blade 116 previously 
described. From right to left, as the blade body 159 extends 
from the blade neck 142, the ultrasonic surgical blade 116 
defines a first surface inflection 168 between the blade body 
159 and the planar longitudinal surface 161. The hook 
portion 150 is defined in part by the curved surface 151 and 
the inner surface 149 up to the beveled surface 182. The tip 
surface 144 transitions to the oblique tip surface 145 at 
surface inflection 139. The oblique tip surface 145 transi- 
tions to the distal surface 152 at surface inflection 153 and 
the distal surface 152 transitions to the distal hemostasis 
surface 148 at surface inflection 146, which also defines the 
dissection edge 146. For purposes of the present disclosure, 
the surface inflection 146 and the dissection edge 146 refer 
to the same elements. The distal hemostasis surface 148 
transitions to the proximal hemostasis surface 154 at surface 
inflection 155. Moving to the right from there, the proximal 
hemostasis surface 154 transitions to the blade body 159 at 
surface inflection 165. 

FIG. 31 is a top view of the ultrasonic surgical blade 116 
shown in FIG. 29, according to one embodiment. The top 
view of FIG. 31 is the opposite of the bottom view of FIG. 
29. From left to right, the ultrasonic transmission waveguide 
142 extends distally from the outer tube/sheath 114 and 
transitions into the blade body 159 portion at surface inflec- 
tion 186. The blade body 159 defines several surfaces for 
cutting and/or pulling tissue, applying hemostasis to the 
tissue, and/or acoustically balancing the ultrasonic surgical 
blade 116. The planar longitudinal surface 161 extends from 
a proximal end of the blade body 159 to the curved surface 
151 of the blade hook 150. The inner surface 149 of the 
blade hook 150 extends from the curved surface 151 to the 
beveled surface 182 of the tip surface 144. The tip surface 
144 transitions to the oblique tip surface 145 at surface 
inflection 139. The oblique tip surface 145 transitions to the 
distal surface 152 at surface inflection 153. The most distal 
portion of the distal surface 152 defines the dissection edge 
146, which is also the surface inflection between the distal 
surface 152 and the distal hemostasis surface 148 (FIG. 29). 
The top view of FIG. 31 also shows the lateral surfaces 158, 
158' and the cutting edges 165, 165' defined by the surface 
inflection between the proximal hemostasis surface 154 and 
the lateral surfaces 160, 160'. The cutting edges 170, 170' are 
defined by the surface inflection of the proximal hemostasis 
surface 154 and the lateral surfaces 158, 158'. 

FIG. 32 is an end view of the ultrasonic surgical instru- 
ment 100 showing the ultrasonic surgical blade 116 and the 
outer tube/sheath 114, according to one embodiment. As 
shown, the transverse portion 147 of the ultrasonic surgical 
blade 116 comprises a tip surface 144 that transitions into an 
oblique tip surface 145 at surface inflection 139. The distal 
surface 152 extends from the oblique tip surface 145 at 
surface inflection 153. The distal surface 152 defines the 
dissection edge 146 between the distal hemostasis surface 
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154 and the distal surface 152. The lateral surfaces 158, 158' 
extend proximally from the blade hook 150 and the walls 
define a radius of curvature г, on each side. The cutting 
edges 155', 155" are defined by the surface inflection 155 
between the distal and proximal hemostasis surfaces 148, 
154. The cutting edges 165. 165' are defined by the surface 
inflection between the proximal hemostasis surface 154 and 
the lateral surfaces 160, 160'. The lateral surfaces 160, 160' 
also define cutting surface 163, 163'. The ultrasonic surgical 
blade 116 extends distally from the outer tube/sheath 114. 
The isolation spacer 118 isolates the ultrasonic surgical 
blade 116 from the outer tube/sheath 114. The isolation 
spacer 118 is disposed about the proximal neck 142' portion 
of the ultrasonic surgical blade 116. 


Ultrasonic Blade for Tissue Dissection and 
Hemostasis (Embodiment 2) 


FIGS. 33-38 illustrate one embodiment of an ultrasonic 
surgical blade 200 configured with edges and surfaces to 
optimize hemostasis and dissection. In one use, the distal 
portion allows access to the surface of tissue, such as the 
liver bed, for efficient hemostasis. Sharp edges disposed on 
the distal portion of the ultrasonic surgical blade 200 deliver 
quick dissection. Accordingly, the disclosed ultrasonic blade 
200 enables efficient dissection of the gall bladder from the 
liver bed using proximal and distal surfaces for ease of 
surgeon technique. 

FIG. 33 is perspective view of the ultrasonic surgical 
blade 200, according to one embodiment. FIG. 34 is a side 
view of the ultrasonic surgical blade 200 shown in FIG. 33, 
according to one embodiment. FIG. 35 is an end view ofthe 
ultrasonic surgical blade 200 shown in FIG. 33, according to 
one embodiment. FIG. 36 is another perspective view ofthe 
ultrasonic surgical blade 200 shown in FIG. 33, according to 
one embodiment. FIG. 37 is a bottom view of the ultrasonic 
surgical blade 200 shown in FIG. 33, according to one 
embodiment. 

With reference now to FIGS. 33-38, in one embodiment, 
the ultrasonic surgical blade 200 is configured and adapted 
to operate with the ultrasonic surgical instrument 100 shown 
and described connection with FIGS. 1-5. Accordingly, the 
ultrasonic surgical blade 200 comprises a blade body 218 
that transitions into a blade neck 202 at surface inflection 
232. The blade neck 202 extends proximally to form or 
couple to an ultrasonic transmission waveguide, having a 
proximal end configured to acoustically couple to an ultra- 
sonic transducer piezoelectric stack. In the distal direction, 
the blade body 218 defines several surfaces suitable for 
cutting and/or pulling tissue, applying hemostasis to the 
tissue, and/or acoustically balancing the ultrasonic surgical 
blade 200. 

Still with reference to FIGS. 33-38, the ultrasonic surgical 
blade 200 comprises a longitudinal portion 222 and a 
transverse portion 224. The longitudinal portion 222 extends 
distally from the blade body 218 and defines a substantially 
planar longitudinal surface 220 and multiple lateral surfaces 
214, 216 are defined on each lateral portion of the blade 
body 218. The lateral surfaces 214, 214' extend from the 
substantially planar longitudinal surface 220 to a proximal 
hemostasis surface 212 and define sharp cutting edges 238, 
238". A portion of the lateral surfaces 214, 214' extend to the 
distal hemostasis surface 210 and define sharp cutting edges 
208, 208'. The sharp cutting edges 208, 208', 238, 238' aid 
in fast dissection when using the side of the ultrasonic blade 
200 and the distal surface 236. The lateral surfaces 216, 216' 
extend from the substantially planar longitudinal surface 220 
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and the transverse hook portion 204 of the ultrasonic sur- 
gical blade 200 to the distal surface 236 to define portions of 
the sharp cutting edges 208, 208'. The sharp cutting edges 
208, 208" have a radius of curvature го that may vary 
between 2.45 to 2.75 mm, without departing from the scope 
of the disclosure. 

Still with reference to FIGS. 33-38, the transverse portion 
224 of the ultrasonic surgical blade 200 defines the blade 
hook 204, which is suitable for pulling and cutting tissue and 
may be configured to access the tissue plane between the 
gull bladder and the liver. The blade hook 204 comprise a 
curved surface 230 having a radius of curvature г, extend- 
ing from the substantially planar longitudinal surface 220 to 
the inner surface 228. The radius of curvature r,, may vary 
between 0.635 mm to 1.010 mm, without departing from the 
scope of the disclosure. The inner surface 228 extends to a 
tip surface 206. The tip surface 206 extends towards the 
distal surface 236, which extends to the distal hemostasis 
surface 210. The distal hemostasis surface 210 defines a 
larger surface area on the bottom and distal side of the 
ultrasonic surgical blade 200 to aid hemostasis. The distal 
hemostasis surface 210 transitions to the proximal hemos- 
tasis surface 212 at surface inflection 226. The proximal 
hemostasis surface 212 transitions into the body portion 218 
of the ultrasonic surgical blade 200 at surface inflection 234. 
The blade body 218 eventually transitions into the blade 
neck 202 at surface inflection 232. Other dimensions of the 
ultrasonic surgical blade 200 may be similar to the dimen- 
sions of the ultrasonic surgical blade 116 shown and 
described in connection with FIGS. 6-32, although the 
embodiments are not limited in this context. 

FIG. 38 is an illustration of the distal and proximal 
hemostasis surface 210, 212 of the ultrasonic surgical blade 
200 shown in FIGS. 33-37, according to one embodiment. 
The distal hemostasis surface 210 is continuous with the 
distal surface 236 and transitions to the proximal hemostasis 
surface 212 at surface inflection 226. The proximal hemo- 
stasis surface 212 transitions into the body portion 218 of the 
ultrasonic surgical blade 200 at surface inflection 234. The 
distal hemostasis surface 210 and the proximal hemostasis 
surface define a surface inflection 226 therebetween. The 
distal hemostasis surface 210 defines sharp cutting edges 
208, 208'. The dimension а, з is the maximum width of the 
distal hemostasis surface 236 and dimension dj, is the 
minimum width of the distal hemostasis surface 212 and the 
minimum width of the proximal hemostasis surface 210. The 
dimension of dj, may vary according to the particular 
configuration of this embodiment. The dimension d, is the 
minimum width of the proximal hemostasis surface 210. The 
dimension а, is the maximum width of the proximal hemo- 
stasis surface 212. The dimension of d,, may vary according 
to the particular configuration of this embodiment. The distal 
hemostasis surface 210 has an effective surface area S1' of 
approximately 54.1935 mm? and may vary over a range of 
3.226 mm? to 105.161 mm? (0.005 in? to 0.163 in”). The 
proximal hemostasis surface 212 defines sharp cutting edges 
238, 238'. The proximal hemostasis surface 212 has an 
effective surface area S2' of approximately 9.6765 mm? and 
may vary over a range of 6.45 mm? to 12.903 mm? (0.01 in? 
to 0.02 in?). 


Ultrasonic Blade for Tissue Dissection and 
Hemostasis (Embodiment 3) 


FIGS. 39-52 illustrate one embodiment of an ultrasonic 
surgical blade 300 configured with edges and surfaces to 
optimize hemostasis and dissection. In one use, the distal 
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portion allows access to the surface of tissue, such as the 
liver bed, for efficient hemostasis. Sharp edges disposed on 
the distal portion of the ultrasonic surgical blade 300 deliver 
quick dissection. Accordingly, the disclosed ultrasonic blade 
300 enables efficient dissection of the gall bladder from the 
liver bed using proximal and distal surfaces for ease of 
surgeon technique. 

FIG. 39 is a perspective view of the ultrasonic surgical 
blade 300 shown in FIG. 39, according to one embodiment. 
FIG. 40 is a side view of the ultrasonic surgical blade 300 
shown in FIG. 39, according to one embodiment. FIG. 41 is 
an end view of the ultrasonic surgical blade 300 shown in 
FIG. 39, according to one embodiment. 

With reference now to FIGS. 39-41, in one embodiment 
the ultrasonic surgical blade 300 comprises a neck 302 
configured to acoustically couple to an ultrasonic transmis- 
sion waveguide which is configured and adapted to acous- 
tically couple to a piezoelectric ultrasonic transducer. From 
the neck 302, the ultrasonic surgical blade 300 extends 
distally as a substantially longitudinal section 342, defined 
by dimension d,,, and transitions to a substantially trans- 
verse section 344 to define a blade hook 304. A sharp central 
ridge comprised of three distinct segments 306, 306', 306" 
extends from the neck 320 to a tip 312 of the hook 304 of 
the transverse section 344 defined by dimension d,,. As best 
seen in FIG. 40, a proximal segment 306 extends substan- 
tially longitudinally but has an arcuate component such that 
it extends downwardly from the neck 320 to an inflection 
point with an arcuate intermediate segment 306', which 
extends to a substantially linear distal segment 306". The 
substantially linear distal segment 306" extends from the 
junction of the arcuate intermediate section 306' to the tip 
312 of the blade hook 304. 

The proximal segment 306 of the sharp central ridge is 
defined by the junction of two proximal oblique surfaces 
324, 330 that extend downwardly and outwardly from the 
proximal sharp central ridge 306. A first lateral sharp cutting 
edge 308 is defined by the junction of the proximal oblique 
surface 324 and the lateral surface 338. On the other side of 
the blade 300, a second lateral sharp cutting edge 310 is 
defined by the junction of the proximal oblique surface 330 
and the other lateral surface 340 (FIG. 41). 

The intermediate arcuate segment 306' of the sharp central 
ridge is defined by junction of intermediate arcuate oblique 
surfaces 326, 332 that extend downwardly and outwardly 
from the intermediate arcuate segment 306' of the sharp 
central ridge. A sharp cutting edge 308' is defined by the 
junction of the intermediate arcuate oblique arcuate surface 
326 and an end mass 314 that is located below the transverse 
section 344 of the blade hook 304 and partially below the 
longitudinal section 342. An arcuate section of a sharp 
cutting edge 310' is defined by the junction of the interme- 
diate arcuate oblique surface 332 and the end mass 314. The 
end mass 314 is used to acoustically balanced the ultrasonic 
surgical blade 300. 

The distal linear segment 306" of the sharp central ridge 
is defined by junction of distal oblique surfaces 328, 334 that 
extend distally and outwardly from the distal linear segment 
306" of the sharp central ridge. А sharp cutting edge 308" is 
defined by the junction of the distal oblique arcuate surface 
328 and a body portion of the blade hook 304. A sharp 
cutting edge 310" is defined by the junction of the distal 
oblique surface 334 and a body portion of the blade hook 
304. 

As shown in FIG. 40, the depth or height ofthe blade hook 
304 of the transverse section 344 defined by dimension 45. 
should be maximized so the surgeon can hook and drag 
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tissue to dissect the tissue along a plane. The dimension 45. 
can be optimized to enable the surgeon to hook and drag to 
dissect the gall bladder from the liver bad, for example. The 
dimension d,; of the hook 304 is approximately 2.794 mm 
and may vary between 1.016 mm to 4.572 mm (0.040 in to 
0.180 in), without departing from the scope of the disclo- 
sure. The dimension 45, of the longitudinal section 342 of 
the blade 300 is approximately 10.414 mm and may vary 
between 1.778 mm to 19.050 mm (0.070 in to 0.750 in), 
without departing from the scope of the disclosure. The end 
mass 314 extends proximally from the distal surface 336 of 
the hook 304 and has a dimension d,s. The dimension 45; of 
the end mass 314 is approximately 5.207 mm and may vary 
between 0.889 mm to 9.525 mm (0.035 in to 0.375 in), 
without departing from the scope of the disclosure. The 
dimension d,, of the transverse portion 344 of the blade 
hook 304 is approximately 4.2545 mm (0.1675 in) and may 
vary from 3.4036 mm to 5.1054 mm (0.1340 in to 0.2010 
in). The dimension 45. is approximately 0.9525 mm (0.0375 
in) and can vary from 0.762 mm to 1.143 mm (0.0300 in to 
0.0450 in). A straight line segment extending from the tip 
312 of the blade hook 304 to a point 313 toward the distal 
end of the end mass 314 has a dimension of approximately 
4.3510 mm (0.1713 in) and can vary from 3.4808 mm to 
5.2200 mm (0.1370 in to 0.2055 in). 

FIG. 42 is an end view ofthe ultrasonic surgical blade 300 
shown in FIGS. 39-41 illustrating a triangle shaped end mass 
314, according to one embodiment. With reference now to 
FIGS. 40 and 42, the depth of the blade hook 304 of the 
transverse section 344 defined by transverse dimension 45. 
and longitudinal dimension 45, of the longitudinal section 
342 creates a large overhung mass relative to the neutral axis 
Ly of the ultrasonic transmission waveguide that extends 
proximally from the neck section 302 of the ultrasonic 
surgical blade 300. To counteract the unbalancing effects of 
the large overhung mass, a local balance element is pro- 
vided. In the illustrated embodiments, the local balance 
element is provided by the end mass 314. In one embodi- 
ment, balance is achieved locally via a triangle 316 shaped 
end mass 314 that extends proximally by a dimension of d,5. 
In one embodiment, the triangle 316 shaped end mass 314 
is define by an angle 0,. Increasing or decreasing the angle 
0 changes the local mass and thus alters the balance of the 
blade 300. Accordingly, the balance of the blade 300 can be 
adjusted by changing the angle 0,. It will be appreciated that 
the balance end mass 314 element adjusts the acoustic 
balance of the ultrasonic surgical blade 300. 

FIG. 43 is an end view of the ultrasonic surgical blade 300 
shown in FIGS. 39-41 illustrating a suitable diameter 318 for 
trocar entry, according to one embodiment. As shown in 
FIG. 43, the total outer diameter 318 of the ultrasonic blade 
300 is sized and configured to be slidably received in a 
trocar. In one embodiment, the maximum diameter 318 is 
about 5 mm fro trocar entry. 

FIG. 44 is a bottom view of the ultrasonic surgical blade 
300 shown in FIG. 39 in compression mode, according to 
one embodiment. The bottom surface 320 of the end mass 
314 can be employed as a spot coagulation surface, other- 
wise referred to as a hemostasis surface. Only about a 396 
amplitude drop in ultrasonic vibration amplitude has been 
Observer across the face of the coagulation surface 320. The 
illustrated geometry ofthe end mass 314 and the coagulation 
surface 320 provides positive tissue effects. When the blade 
300 is excited by ultrasonic energy, it oscillates between a 
compression mode and an tension mode repeatedly. Such 
oscillation between compression and tension modes creates 
the displacement necessary to provide the desired tissue 


25 


40 


45 


60 


65 


20 


effects such as cutting and coagulating tissue. In compres- 
sion mode, the blade 300 defines its most compact form 
along the longitudinal axis Ly. As shown in FIG. 44, in the 
compression mode, the blade 300 illustrated in FIG. 44 can 
be characterized by several dimensions. For example, in 
compression mode, the blade 300 defines length dọ between 
the neck section 302 and a proximal wall 348 of the end 
mass 314. The longitudinal section 342 ofthe blade 300 over 
the dimension d, defines a radius of curvature r,,. The 
width of the longitudinal section 342 where it meets the 
proximal wall 348 of the end mass 314 is defined by 
dimension 45 and the width of the end mass 314 is defined 
by dimension 453. The dimension d, is the distance between 
the narrowest portion of the longitudinal section 342 to the 
outer diameter of the longitudinal section 342. 

FIG. 45 is a bottom view of the ultrasonic surgical blade 
300 shown in FIG. 39 in tension mode, according to one 
embodiment. The dimensions of the surgical blade 300 in 
tension mode are labeled by a prime (") as compared to the 
dimensions of the blade 300 in compression mode as shown 
in FIG. 44. As will be appreciated, when the blade 300 is in 
tension mode it defines its most elongated form along the 
longitudinal axis Ly. As shown in FIG. 45, in the tension 
mode, the blade 300 illustrated in FIG. 45 can be charac- 
terized by several dimensions. For example, in tension 
mode, the blade 300 defines length d,;' between the neck 
section 302 and the proximal wall 348 of the end mass 314. 
The longitudinal section 342 of the blade 300 over the 
distance defined by 4, defines a radius of curvature r,,'. 
The width of the longitudinal section 342 where it meets the 
proximal wall 348 of the end mass 314 is defined by 
dimension d,;' and the width of the end mass 314 is defined 
by dimension d,,'. As the blade 300 transitions for the 
compression mode to the tension mode the dimensions of 
the blade 300 decrease in width and increase in length. 
Accordingly, with reference to FIGS. 44 and 45, the length 
d,,<d,,' and r,,<r,,'. However, dimensions d,,>d»', 
d,7>d,7', and ds dag". 

FIGS. 46-50 illustrate a displacement cycle of the ultra- 
sonic surgical blade 300, according to one embodiment. 
FIG. 46 illustrates the ultrasonic surgical blade shown in 
FIG. 39 in a neutral unexcited state. The longitudinal section 
342 and the transverse section 344 are in a neutral state. A 
balance feature 322 is defined as a cutout portion in the 
ultrasonic transmission waveguide 350 to facilitate the 
expansion and contraction of the ultrasonic transmission 
waveguide 350 and the blade 300 during the vibratory 
process. As shown in FIG. 47, as the vibration process 
initiates, the blade 300 hook 304 is displaced distally under 
tension mode and the gap defined by the balance feature 322 
expands. The blade 300 continues to be displaced distally 
under tension until it reaches a point of maximum displace- 
ment under tension as shown in FIG. 48. The diameter 
dimensions are at their minimum dimension, the length of 
the blade 300 is at a maximum or highest displacement, and 
the gap defined by the balance feature 322 is at a maximum. 
Once the blade 300 reaches the point of maximum displace- 
ment in tension mode as shown in FIG. 48, the blade 300 
transitions to compression mode and begins to contract. As 
shown in FIG. 49, the blade 300 is now in compression 
mode and has begun to contract. The gap defined by the 
balance feature 322 has decreased in size to facilitate the 
compression process. As shown in FIG. 50, the blade 300 
has reached a point of maximum compression where its 
overall displacement is at a minimum and the gap defined by 
the balance feature 322 is at a minimum. FIGS. 48 and 50 
provide a good visual representation of the maximum and 


US 10,154,852 B2 


21 


minimum longitudinal displacement of the blade hook 304 
and how the blade hook 304 can be effectively used for 
dissecting tissue. Also, the longitudinal displacement of the 
blade 300 also displaces the end mass 314 to enable the 
coagulation surface 320 of the end mass 314 to be used to 
effectively coagulate tissue. 

FIG. 51 illustrates a point of maximum displacement of 
the ultrasonic surgical blade 300, according to one embodi- 
ment. As shown in FIG. 51, the tip 312 ofthe blade hook 304 
is at its point of maximum longitudinal displacement and the 
gap defined by the balance feature 322 is maximally 
expanded. A distal section 352 of the ultrasonic waveguide 
350 has a reduced diameter. 

FIG. 52 illustrates a bottom view of the ultrasonic surgical 
blade 300 shown in FIG. 51 under maximum displacement, 
according to one embodiment. As shown in FIG. 52, the 
maximum stress area 354 is located in the balance feature 
322 of the ultrasonic transmission waveguide 350. In use, 
the balance feature 322 should be protected by the outer 
sheath of the instrument. 


Right Angle Ultrasonic Surgical Blades 
(Embodiment 4) 


The present disclosure now turns to various embodiments 
of an ultrasonic surgical blade comprising a right angle or 
near right angle bend near the distal end to provide advan- 
tages in tissue access and visibility. As previously discussed 
in connection with the foregoing embodiments, the chal- 
lenges with a right angle ultrasonic blade or a hook-type 
ultrasonic blade include stress and balance. The embodi- 
ments disclosed in FIGS. 53-60 provide an ultrasonic blade 
with a mass distributed in such a manner that the blade 
behaves in a balanced fashion and is sufficiently strong to 
withstand the stresses. 

FIG. 53. Illustrates one embodiment of a right angle 
balance blade 400. The right angle balance blade 400 
comprises a longitudinal section 418 and a transverse sec- 
tion 412. The transverse section 412 ofthe blade 400 may be 
at or close to 90? relative to the longitudinal section 418. The 
longitudinal section 418 extends longitudinally along an 
ultrasonic waveguide section 402 of the blade 400. A 
centerline is defined along the longitudinal axis Ly of the 
blade 400. The distal end of the blade 400 defines a 
transverse section 412 relative to the longitudinal section 
418. The distal end includes a working side defining a thin 
elongated right angle member 404 section and back side 414 
defining a mass 406. A tip 408 having a relatively small 
surface area is employed for tissue dissection and a rounded 
end 410 having a larger surface area is employed for 
coagulation. 

In the illustrated embodiment, the right angle balanced 
blade 400 comprises a mass distributed such that, at the 
distal end 412, the back side 414 of the blade 400 has a large 
mass 406 distributed relatively close to a centerline L, of the 
blade 400. The working side 416 ofthe blade 400 has a mass 
distributed in a relatively long, thin section right angle 
member 404 section when compared to the back side 414 
mass 406. This may resemble some designs of golf putters, 
for example. Additionally, if necessary, balance features 
may be added, such as notches, to reduce the transverse 
motion accompanying the desired longitudinal mode. 

FIG. 54 is an illustration of a balanced displacement plot 
420 of a right angle balanced blade, similar to the blade 400 
shown FIG. 53, in a maximum displacement state, according 
to one embodiment. As shown, the area of maximum stress 
422 occurs at the tip of the blade 400 whereas the areas of 
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minimum stress occur at the blade neck section 424 and the 
transition section 426 from the blade 400 to the ultrasonic 
transmission waveguide 402. 

With reference to FIGS. 53 and 54, the right angle 
balanced blade 400 provides a waveguide 402 with the blade 
tip 408 extending at a right angle or near right angle relative 
to the longitudinal section 418. The blade 400 provides the 
same utility as derived from a simple monopolar RF hook. 
The technical challenges with the right angle balanced blade 
400 includes transmitting longitudinal motion around the 
corner 428, defined as the point where the transverse section 
412 extends from the longitudinal section 418, without 
creating transverse motion. The transverse motion in the 
distal right-angle end effector can be used to create hemo- 
stasis using the surface area 410 of the back end 414 of the 
blade 400. 

In one embodiment, rather than driving the waveguide 
402 in longitudinal motion and compensating for the ensu- 
ing transverse motion, the waveguide 402 is driven in 
transverse motion, and the whipping motion of the end drive 
the right angle member 404 section in longitudinal motion as 
shown in FIG. 54. One way to illustrate this concept is by 
analogy to a transversely vibrating rod with a free end such 
as end 408. In a transversely vibrating rod with a freed end, 
the end *whips" up and down and the slope of the end is 
relatively high. If a concentrated mass, such as mass 406, is 
added to the tip 408, it weighs down the free-end. If the mass 
is zero, the end acts as a free end, and for example has a 
positive slope. If the mass 406 is infinite, it acts as a pinned 
condition and the corresponding slope would be negative. A 
mass 406 can be selected such that the slope is zero, and then 
the end 408 moves up and down with near zero slope. If the 
right angle member 404 works as that mass, where the 
waveguide 402 and the right angle member 404 join at the 
corner 428, the loaded end 408 just pushes the right angle 
member 404 up and down in a longitudinal motion. In 
another aspect, when the right angle member 404 is a half 
wave resonator, it presents zero dynamic load (i.e., zero 
driving point impedance), so the end of the waveguide 403 
just pulls the right angle member 404 up and down with it, 
because it experiences no load. 

FIG. 55 illustrates a right angle balanced ultrasonic blade 
430 driven in transverse mode to produce longitudinal 
motion at an end effector 434 section, according to one 
embodiment. The right angle balanced ultrasonic blade 430 
comprises a longitudinal waveguide section 432 and a right 
angle end effector member 434 positioned transverse to the 
longitudinal waveguide section 432. As described above, 
driving the waveguide section 432 in transverse mode 
causes the transverse right angle end effector member 434 to 
be displaced from a proximal end to a distal end to effec- 
tively create longitudinal motion suitable for dissecting 
tissue with the tip 436 of the transverse right angle end 
effector member 434. 

FIGS. 56-60 illustrate several embodiments of right angle 
balanced ultrasonic surgical blades. FIG. 56 illustrates one 
configuration of a right angle balanced ultrasonic surgical 
blade 440. The right angle balanced ultrasonic surgical blade 
440 comprises a longitudinal waveguide section 442, a 
corner section 446, and an end effector section 444 posi- 
tioned transverse to the longitudinal waveguide section 442 
extending from the corner section 446. A tip section 448 is 
used to dissect tissue. The tip section 448 moves longitudi- 
nally as the waveguide section 442 1s excited transversely. 

FIG. 57 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade 450. The right angle 
balanced ultrasonic surgical blade 450 comprises a longitu- 
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dinal waveguide section 452, a corner section 456, and an 
end effector section 454 positioned transverse to the longi- 
tudinal waveguide section 452 extending from the corner 
section 456. A balance feature 453 is positioned along the 
waveguide section 452 between the waveguide section 452 
and the corner section 456. In the right angle balanced 
ultrasonic surgical blade 450, the balance feature 453 is a 
reduced mass portion of the longitudinal waveguide section 
452. A tip section 458 is used to dissect tissue. The tip 
section 458 moves longitudinally as the waveguide section 
452 is excited transversely. 

FIG. 58 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade 460. The right angle 
balanced ultrasonic surgical blade 460 comprises a longitu- 
dinal waveguide section 462, a corner section 466, and an 
end effector section 464 positioned transverse to the longi- 
tudinal waveguide section 462 extending from the corner 
section 466. A balance feature 463 is positioned along the 
waveguide section 462 between the waveguide section 462 
and the corner section 466. In the right angle balanced 
ultrasonic surgical blade 460, the balance feature 463 is an 
increased mass portion of the longitudinal waveguide sec- 
tion 462. The tip section 468 is used to dissect tissue. The tip 
section 468 moves longitudinally as the waveguide section 
462 is excited transversely. 

FIG. 59 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade 470. The right angle 
balanced ultrasonic surgical blade 470 comprises a longitu- 
dinal waveguide section 472, a corner section 476, and an 
end effector section 474 positioned transverse to the longi- 
tudinal waveguide section 472 extending from the corner 
section 476. A balance feature 473 is positioned on the end 
effector section 474 between the corner section 476 and the 
tip section 478. In the right angle balanced ultrasonic 
surgical blade 470, the balance feature 473 is a reduced mass 
portion of the end effector section 474. The tip section 478 
is used to dissect tissue. The tip section 478 moves longi- 
tudinally as the waveguide section 472 is excited trans- 
versely. 

FIG. 60 illustrates one configuration of a right angle 
balanced ultrasonic surgical blade 480. The right angle 
balanced ultrasonic surgical blade 480 comprises a longitu- 
dinal waveguide section 482, a corner section 486, and an 
end effector section 484 positioned transverse to the longi- 
tudinal waveguide section 482 extending from the corner 
section 486. A balance feature 483 is positioned on the end 
effector section 484 between the corner section 486 and the 
tip section 488. In the right angle balanced ultrasonic 
surgical blade 480, the balance feature 483 is an increased 
mass portion of the end effector section 484. The tip section 
488 is used to dissect tissue. The tip section 488 moves 
longitudinally as the waveguide section 482 is excited 
transversely. 

As discussed herein, any reference to “one aspect,” “an 
aspect,” “one embodiment," or “an embodiment" means that 
a particular feature, structure, or characteristic described in 
connection with the aspect is included in at least one aspect. 
Thus, appearances of the phrases “in one aspect,” “in an 
aspect," “in one embodiment," or “in an embodiment" in 
various places throughout the specification are not neces- 
sarily all referring to the same aspect. Furthermore, the 
particular features, structures or characteristics may be com- 
bined in any suitable manner in one or more aspects. 

Although various embodiments have been described 
herein, many modifications, variations, substitutions, 
changes, and equivalents to those embodiments may be 
implemented and will occur to those skilled in the art. Also, 
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where materials are disclosed for certain components, other 
materials may be used. It is therefore to be understood that 
the foregoing description and the appended claims are 
intended to cover all such modifications and variations as 
falling within the scope of the disclosed embodiments. The 
following claims are intended to cover all such modification 
and variations. 

Although various embodiments have been described 
herein, many modifications, variations, substitutions, 
changes, and equivalents to those embodiments may be 
implemented and will occur to those skilled in the art. Also, 
where materials are disclosed for certain components, other 
materials may be used. It is therefore to be understood that 
the foregoing description and the appended claims are 
intended to cover all such modifications and variations as 
falling within the scope of the disclosed embodiments. The 
following claims are intended to cover all such modification 
and variations. 


The invention claimed is: 

1. An ultrasonic surgical blade, comprising: 

a solid body; 

a longitudinal portion having a proximal end configured 
to couple to an ultrasonic transmission waveguide and 
a distal end configured to dissect and coagulate tissue, 
the longitudinal portion comprising: 

a substantially planar longitudinal surface; and 

a distal hemostasis surface located opposite of the 
substantially planar longitudinal surface, the distal 
hemostasis surface having a surface area S1 defined 
by a distal surface inflection, a first proximal surface 
inflection, and first and second lateral cutting edges 
extending from the distal surface inflection to the 
first proximal surface inflection, wherein the distal 
surface inflection defines a minimum width of the 
distal hemostasis surface and the first proximal sur- 
face inflection defines a maximum width ofthe distal 
hemostasis surface; 
a transverse portion extending crosswise from the distal 
end of the longitudinal portion, the transverse portion 
defining a hook extending above the ultrasonic trans- 
mission waveguide having a free end configured to pull 
and dissect tissue, the transverse portion comprising: 
a curved section extending from a distal end of the 
substantially planar longitudinal surface; 

a tip surface defined at the free end; 

a substantially planar proximal inner surface extending 
from the curved section to the tip surface; and 

an outer concave distal surface extending from the tip 
surface to the distal hemostasis surface; and 

a distal dissection edge defined at a surface inflection of 
the outer concave distal surface and the distal hemos- 
tasis surface. 

2. The ultrasonic surgical blade of claim 1, wherein the 
longitudinal portion comprises a proximal hemostasis sur- 
face located opposite of the substantially planar longitudinal 
surface, the proximal hemostasis surface having a surface 
area S2 defined by the first proximal surface inflection 
defining a junction of the distal hemostasis surface and the 
proximal hemostasis surface, a second proximal surface 
inflection, and third and fourth lateral cutting edges extend- 
ing from the first proximal surface inflection to the second 
proximal surface inflection. 

3. The ultrasonic surgical blade of claim 2, wherein the 
depth of the transverse portion measured from the tip surface 
to the proximal hemostasis surface is selected from a range 
of 1.8 mm to 3.0 mm. 
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4. The ultrasonic surgical blade of claim 2, wherein the 
surface area S2 is selected from a range of 6.45 mm? to 
12.90 тт. 

5. The uitrasonic surgical blade of claim 2, wherein the 
third and fourth lateral cutting edges define a maximum 
width of the proximal hemostasis surface at a location 
between the first and second proximal surface inflections. 

6. The ultrasonic surgical blade of claim 1, wherein the 
surface area S1 is selected from a range of 3.226 mm? to 
6.45 mm’. 

7. 'The ultrasonic surgical blade of claim 1, further com- 
prising a beveled edge defined between the tip surface and 
the substantially planar proximal inner surface. 

8. The ultrasonic surgical blade of claim 1, further com- 
prising an oblique tip surface extending from the tip surface 
to the outer concave distal surface. 

9. An ultrasonic surgical blade, comprising: 

a solid body; 

a longitudinal portion having a proximal end and a distal 

end, the longitudinal portion comprising: 

a substantially planar longitudinal surface; and 

a distal hemostasis surface located opposite of the 
substantially planar longitudinal surface, the distal 
hemostasis surface having a surface area S1 defined 
by a distal surface inflection, a first proximal surface 
inflection, and first and second lateral cutting edges 
extending from the distal surface inflection to the 
first proximal surface inflection, wherein the distal 
surface inflection defines a minimum width of the 
distal hemostasis surface and the first proximal sur- 
face inflection defines a maximum width ofthe distal 
hemostasis surface; 

a transverse portion extending crosswise from the distal 
end of the longitudinal portion, the transverse portion 
defining a hook having a free end, the transverse 
portion comprising: 
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a curved section extending from a distal end of the 
substantially planar longitudinal surface; 


a tip surface defined at the free end; 


a proximal inner surface extending from the curved 
section to the tip surface; and 


an outer concave distal surface extending from the tip 
surface to the distal hemostasis surface. 


10. The ultrasonic surgical blade of claim 9, wherein the 
longitudinal portion comprises a proximal hemostasis sur- 
face located opposite of the substantially planar longitudinal 
surface, the proximal hemostasis surface having a surface 
area S2 defined by the first proximal surface inflection 
defining a junction of the distal hemostasis surface and the 
proximal hemostasis surface, a second proximal surface 
inflection, and third and fourth lateral cutting edges extend- 
ing from the first proximal surface inflection to the second 
proximal surface inflection. 


11. The ultrasonic surgical blade of claim 10, wherein the 
depth of the transverse portion measured from the tip surface 
to the proximal hemostasis surface is selected from a range 
of 1.8 mm to 3.0 mm. 


12. The ultrasonic surgical blade of claim 10, wherein the 
surface area S2 is selected from a range of 6.45 mm? to 
12.90 mm. 


13. The ultrasonic surgical blade of claim 10, wherein the 
third and fourth lateral cutting edges define a maximum 
width of the proximal hemostasis surface at a location 
between the first and second proximal surface inflections. 


14. The ultrasonic surgical blade of claim 9, wherein the 
surface area S1 is selected from a range of 3.226 mm? to 
6.45 mm. 


